Introduction
============

In the present study we investigated the collective of students of human medicine in preclinical semesters at the FAU Erlangen. Levels of learning success vary among students despite the basic equivalence of conditions for learning within the university curriculum and the course of studies. This variation reflects individual preconditions such as prior thematic knowledge, motivation, individual skills and processing modes. Learning styles defined using abstracted constructions attempt to record and categorize the relevant personality traits and preferences of learning persons. A number of theoretical models have been developed in recent decades and adapted to use in studies \[[@R1]\], \[[@R2]\], \[[@R3]\]. For our survey we decided to analyse the data using Kolb's model, since it views learning as a continuing and progressive process in which the learning person first collects, then processes, experiences \[[@R1]\]. Kolb's model would appear to be particularly well-suited to our research questions since medical students experience multimodal teaching methods to a significant degree, necessitating both concrete and abstract individual integration of study materials. Kolb describes the methods of knowledge acquisition by differentiating four learning styles, active experimentation (AE), reflective observation (RO), concrete experience (CE) and abstract conceptualization (AC), on which basis four learning types (Divergers, Assimilators, Convergers and Accomodators) are defined (see Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). Divergers (feeling and watching) combine concrete experience and reflective observation. They do well in processes that demand a pronounced faculty for individual imagination. They tend to consider concrete situations from multiple perspectives and lean towards a philanthropic outlook. They develop broad cultural interests and often specialize in artistic endeavours. Assimilators (watching and thinking) tend to prefer reflective observation and abstract conceptualization. They excel when it comes to producing theoretical models. With their tendency towards inductive conclusions, they show more interest in things or theories than in people. Convergers (doing and thinking) combine abstract conceptualization and active experimentation. Their strengths are more in evidence when it comes to practical realization of ideas. They make use of hypothetical-deductive reasoning and prefer dealing with inanimate things and theories as opposed to persons. Accomodators (doing and feeling) prefer active experimentation and concrete experience. Their strengths lie more in the direction of fleshing out the realization of activities. Their approach to solving problems is intuitive, employing trial and error. They prefer dealing with persons over inanimate things or theories. Kolb's model approaches the matter in a way that distinguishes it from other learning style theories, particularly because persons in diametrically opposed positions of the Kolb model (Assimilatory/Accomodators and Convergers/Divergers) can become involved in cognitive conflicts, which may be manifested, for instance, as conflicts between teachers and learners \[[@R4]\].

According to Kolb's investigations, the four learning types differ as to personality and adaptability and usually tend to end up in characteristic professions. In 1984, Kolb analysed the cognitive requirements of such areas as the engineering, social and political sciences, then drew conclusions regarding the interrelations between specific learning types and fields of knowledge. While considering engineers to be mainly Convergers, social and political scientists were seen as mainly Divergers and economists mainly Assimilators. In his opinion, the question remained unsettled whether this type distribution was the result of a selection that had taken place prior to vocational training or a personal development and selection made during the educational and training process \[[@R1]\]. Empirical findings in other investigations support this latter assumption of Kolb \[[@R5]\], \[[@R6]\], \[[@R7]\]. Sports teachers, for example, lean towards active experimentation / concrete experience (AE/CE) in their learning styles, whereas mathematics teachers are more accurately characterized in this respect by the terms reflective observation and abstract conceptualization (RO/AC) \[[@R8]\]. Kolb's learning typology has been tested in the course of the past 30 years in many collectives in the area of nursing care, in a variety of different student collectives and in physicians undergoing advanced training \[[@R9]\], \[[@R10]\], \[[@R11]\], \[[@R12]\], \[[@R13]\], \[[@R14]\], \[[@R15]\]. These investigations have repeatedly called for more adaptation of the educational process to the learning types of the students involved in order to make learning easier and improve performance levels. To date, however, hardly any initiative has been shown in this direction, to say nothing of implementation in existing curricula. Thus no effort has been made to take the diversity of learning styles into account when medical students begin their course of studies. There has also been very little analysis of possible interrelationships between learning behaviour and psychological stress. It seemed to us logical to conclude that Kolb's learning diagnostics, which he saw as being very closely related to the personality structure of the learner \[[@R8]\], \[[@R16]\], would also have to affect the psychological well-being of the person involved, and vice-versa. To facilitate a closer study of the matter, we investigated students of human medicine in the first four preclinical semesters (from the beginning of the course of studies to the first state examination) regarding their learning type and selected psychological parameters (sense of coherence, burnout symptoms).

Methods
=======

We investigated a total of 530 students of human medicine from semesters 1-4 in winter semester 2012/13. In the interviewing process we collected, among other information, data relevant to learning style using a 40-item catalogue of questions (10 questions on each learning style - AE, RO, CE, AC). We also used standardized and validated self-assessment questionnaires to investigate sense of coherence and burnout symptoms in the entire study cohort.

Our reason for selecting sense of coherence as a parameter was because -- in accordance with Antonovsky's salutogenic model \[[@R17]\] -- it describes an inner feeling of confidence that "\... the stimuli deriving from one\'s internal and external environments in the course of living are structured, predictable and explicable" \[[@R18]\]. In students prior to the 1st state examination, who are in the midst of the transformation from preparatory schooling to university studies and are confronting their potential future profession for the first time, this sense of coherence seemed to us particularly relevant. The Sense of Coherence Scale (used here: the Leipzig short form SOC-L9 \[[@R19]\]) is a well-established psychiatric / psychosomatic diagnostic instrument that has demonstrated high levels of significance when used on data records for depression and anxiety in several studies \[[@R20]\]. Parallel to this, we investigated burnout symptoms in the students that represent direct effects of stress and work overload. The Burnout Screening Scales (BOSS-II) use for assessment represent a self-assessment method of registering subjective and psychological symptoms typical of a burnout syndrome \[[@R21]\]. Two 30-item questionnaires that can be used independently are available. BOSS-II comprises three scales (physical, cognitive and emotional symptoms) with ten items each, covering an assessment period of seven days. This questionnaire can be used in both dimensional diagnostics (symptom quantification) and categorical diagnostics (suspected burnout syndrome). The higher the value obtained, the more pronounced the symptoms are. For burnout diagnostics in this particular collective we decided to use the BOSS-II, since the items appeared highly suited to preclinical medical students. In contrast to other established tools, e.g. the classic Maslach Burnout Inventory (MBI), BOSS-II does not make references to patient/client contact, an experience the students in the first four preclinical semesters in Erlangen are either entirely unfamiliar with or which plays at most a very subordinate role. A positive vote was obtained from the competent Ethics Committee to conduct the study and all participants submitted written declarations of consent to anonymized collection and evaluation of their test results. The statistical analysis program IBM SPSS Statistics, Version 21, was used for statistical evaluation of the collected data. In addition to descriptive statistics for normal distribution as applicable, mean comparisons were also done. Single factor ANOVA analyses were applied for this purpose. Correlation tests were used to gauge the connection between how pronounced the manifestation of the learning style was and burnout symptoms or sense of coherence.

Results
=======

For the 530 participants we determined the learning type based on the level of manifestation of the learning styles in each case and categorized the students accordingly in the four main groups Accomodators (Acc), Convergers (Con), Divergers (Div) and Assimilators (Ass), then added a further axis for neutral students (AccCon, AccDiv, ConAss and DivAss) and completely neutral students (see Figure 2 [(Fig. 2)](#F2){ref-type="fig"}, 3 [(Fig. 3)](#F3){ref-type="fig"} and Table 1 [(Tab. 1)](#T1){ref-type="fig"}). To facilitate the assessment process, when calculating the differences between the different learning types we included only participants whose categorization in one of the four main types was unequivocal (see Figure 4 [(Fig. 4)](#F4){ref-type="fig"}).

The results revealed clear differences between these four learning types in the sum totals for sense of coherence and burnout symptoms (see Table 2 [(Tab. 2)](#T2){ref-type="fig"} and Figure 5 [(Fig. 5)](#F5){ref-type="fig"}). In the mean comparison of the learning types, this difference was significant for sense of coherence as well as cognitive and emotional burnout (see Table 3 [(Tab. 3)](#T3){ref-type="fig"}). To add focus to our understanding of any potential influences of the learning style components, independent of the resulting learning type, we investigated the influence of the individual sum totals in terms of the learning style scales for the entire collective. This revealed that the students in whom active experimentation was most pronounced scored lowest on the cognitive and emotional burnout scale and highest on the sense of coherence scale.

We also correlated the sum totals of the respective scales with the values obtained for sense of coherence and burnout symptoms. Active experimentation was the only learning style that showed a significant positive correlation with sense of coherence and a significant negative correlation with the cognitive and emotional burnout symptoms (see Table 4 [(Tab. 4)](#T4){ref-type="fig"}). Each of the three burnout values also correlated significantly with the sense of coherence and vice versa.

Discussion
==========

In his model, Kolb identified feelings as well as emotional and rational thought processes that influence individual learning styles \[[@R22]\]. The results presented here show, however, that the learning style a person has also influences his or her emotional experience and psychological well-being. In his 2009 publication, Norman called into question the validity of learning style theories and asked whether the knowledge gained from determination of learning styles had a rightful place in practice aimed at knowledge transfer \[[@R23]\]. Even if, as cited by the author, medical students constitute a collective that is highly motivated and capable of high-level performance, and thus potentially well-adapted to a variety of styles of instruction, the results of our study make it very clear that other factors in addition to merely imparting knowledge should be considered when evaluating different learning styles. Kolb's learning style theory, as shown by our results, could attain to a new level of validity, to a better understanding of successful, or harmful, ways of handling job-related stress. Among the medical students surveyed, an increasing tendency to active experimentation correlated with an increasing sense of coherence. An increased tendency to active experimentation was matched with fewer burnouts. In view of the strong relation between sense of coherence and depression described in the psychiatric literature, one could even be tempted to postulate the protective factor "active experimentation" for this disease. It was interesting to note that none of the other learning styles influenced the psychological parameters, leading to our assumption that, in the curriculum practised at the survey site in Erlangen, the characteristic active experimentation makes a particularly significant contribution to successful mastering of the learning content of the preclinical curriculum. It cannot be stated for certain based on our database to what extent this insight might be applicable to other universities and their curricula: The FAU Erlangen has a classic curriculum with practically no clinical courses in the first semesters. On the other hand it would seem likely that this factor might be even more effective in curricula with different designs (for example PBL-based). Interestingly enough, there appears to be no connection between learning style and the physical burnout symptoms, although this correlates in some ways with our insights into the development of mental illnesses in medical students. Despite the rising prevalence of depression and the drop-off in mental quality of life during the course of studies in students of human medicine, the self-assessments of physical quality of life and physical burnout were constant throughout \[[@R24]\]. Physical condition appears to maintain a constant level throughout the course of studies, regardless of learning type and independent of the factor "medical studies".

Regarding cognitive and emotional burnout symptoms, a mean comparison between the learning types does, however, reveal a significant difference. This adds to the existing debate on the influence of learning styles on satisfaction \[[@R25]\] and performance of students \[[@R26]\], \[[@R27]\] the factors of mental capacity and sense of well-being, as we had conjectured. It would certainly also be interesting to assess the psychological factors in settings in which the matter of learning types had been previously addressed. For example, how would the sense of coherence in students be characterized if, using Sandmire's approach \[[@R28]\], each team would always include both a concrete and an abstract learner? In addition to improvements in individual performance levels, would the students then also benefit psychologically -- for example due to a broadening of shared understanding of relevant thematic aspects resulting from different kinds of learning experience? Empirical answers to these questions are a task for the future. What can be expected is that helpful learning styles can and will develop over time based on the demands of education and advanced training, which developments may also reveal positive influences of other learning styles as well \[[@R9]\], \[[@R14]\]. Nonetheless, a conscious effort should certainly be made to improve the focus on students' needs within the framework of training in medical didactics. While there is some evidence that the type of courses offered (the curriculum format) does not necessarily influence students' learning style \[[@R29]\], broadening the curricular range to include different teaching styles might nevertheless address the different needs of individual students more effectively, at the same time increasing the enjoyment and lowering the stress levels involved in their studies and contributing to a more positive basic attitude towards the acquisition of knowledge.

In future we plan to extend our surveys to include professional ingénues in other medical and nursing fields with the intended focus on helpful learning styles within specific curricular formats, our assumption being that there are extreme differences in the way learning content is conveyed in the different fields. We also intend to collect data at different sites. Processing of additional data and development of concrete offerings based on the results should further improve consideration of the needs of the various types of students. Of course it is only prudent to add here that leaning styles are scientific constructions, whereby individual application of learning styles varies according to context, contents, assigned tasks and institutional aspects and is also changed by the learning and experiential processes themselves. A frequently observation is also that self-assessment of one's own learning style in learning style inventories often does not coincide with the learning style actually employed. Nistor & Schäfer address this phenomenon as a "task-induced" learning style \[[@R30]\]. Despite these caveats, defined learning styles can be helpful when it comes to designing learning scenarios and learning environments. The objective should be to make education more understandable, easier to grasp and experience in meaningful ways, and to provide psychological support to students that will help them master the demands made on them, both by their universities and their future professions.
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